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We estimate the e⁄ect of household appliance ownership on the labor force par-
ticipation rate of married women using micro-level data from the 1960 and 1970 U.S.
Censuses. In order to identify the causal e⁄ect of home appliance ownership on married
women￿ s labor force participation rates, our empirical strategy exploits both time-series
and cross-sectional variation in these two variables. To control for endogeneity, we in-
strument a married woman￿ s ownership of an appliance by the average ownership rate
for that appliance among single women living in the same U.S. state. Single women￿ s la-
bor force participation rates did not increase between 1960 and 1970. We ￿nd evidence
in support of the hypothesis that the di⁄usion of household appliances contributed to
the increase in married women￿ s labor force participation rates during the 1960￿ s.
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In the last few decades women￿ s labor force participation rates have increased dramati-
cally, especially for married women. In 1950, about 25 percent of married women participated
in the workforce; by 2000, nearly 60 percent of married women participated. An extensive
literature has investigated the possible causes of this increase.1 Greenwood, Seshadri, and
Yorukoglu (2005) [from now on GSY] argue that the di⁄usion of home appliances such
as washing machines, freezers, etc. played an important role in ￿liberating￿women from
housework and in propelling them into the workforce. According to GSY, the adoption of
time-saving technologies occurred because of a surge in the rate of technological progress in
the home durable goods sector. Consequently, the quality-adjusted relative price of home
appliances declined. Building on Becker (1965) and Gronau (1977), GSY develop a dynamic
equilibrium model in which a household jointly determines female labor force participation
and home appliance purchases. GSY calibrate a version of their model and show that the
observed decline in the relative price of home appliances can explain about 50 percent of the
increase in married women￿ s labor force participation rates between 1900 and 1980.
Despite the intuitive appeal of GSY￿ s story and the quantitative results of their model,
there is little independent empirical evidence in favor of their hypothesis. Moreover, from a
theoretical perspective, improvements in the productivity of home durable goods could lead
married women to increase rather than decrease their time allocated to housework. The sign
of this e⁄ect depends on the elasticity of substitution between home and market goods in
the household￿ s utility function (Jones, Manuelli, and McGrattan, 2003).
1In addition to the ￿liberation hypothesis￿discussed in this paper, other explanations for the increase
in women￿ s labor force participation include: 1. A reduction in fertility (Evans and Angrist, 1998) 2. The
di⁄usion of the oral contraceptive (Goldin and Katz, 2002; Bailey, 2006; and Wong, 2008) which reduced
the pregnancy-related uncertainty faced by young women enrolling in professional programs. 3. The indirect
e⁄ect of WWII on men￿ s attitudes toward working women (Fernandez, Fogli, and Olivetti, 2004) 4. The
reduction in the gender wage gap (Smith and Ward, 1985; Jones, Manuelli, and McGrattan, 2003; Gayle and
Golan, 2006). Albanesi and Olivetti (2007) develop a variant of the ￿liberation hypothesis￿ , emphasizing the
role of medical advances and the introduction of infant formula as catalysts that enabled married women to
increase their participation in the workforce. Goldin (1990) provides a detailed historical account of women￿ s
experience in the labor market.
2The goal of this paper is to empirically test GSY￿ s hypothesis using micro-level data on
female labor force participation and household appliance ownership. The data comes from
the 1960 and 1970 U.S. Census of the Population. In only those years, households were asked
to provide information on their ownership of some home appliances (freezers, washers, and
dryers) in addition to the standard demographic variables. Women￿ s labor force participation
rates and households￿ownership of appliances both increased signi￿cantly during the 1960￿ s.
The labor force participation rate for white married women increased by 10 percentage points,
and the fraction of households with all three of the appliances mentioned above increased
from 11 to 28 percent (see Table 1).
In order to identify the causal e⁄ect of home appliance ownership on married women￿ s
labor force participation rates, our empirical strategy exploits time-series and cross-sectional
variation in these two variables. Ordinary least squares (OLS) will not, in general, provide
consistent estimates of the causal e⁄ect of appliance ownership on women￿ s labor force par-
ticipation because of the endogeneity of home appliance ownership. Instead, we employ an
instrumental variable (IV) strategy by using the state-level ownership rate of an appliance
among single women as an instrument for a married woman￿ s ownership of that appliance.
We assume that the observed temporal and cross-sectional variation in single women￿ s
ownership of home appliances is driven by the (unobserved) appliance costs rather than
by changes in women￿ s labor force participation rates. Two key observations corroborate
this assumption. First, di⁄erently from married women, the labor force participation rate
of single women did not change appreciably from 1960 to 1970 (see Table 2). Second, the
instruments based on single women￿ s appliance ownership rates at the state level do not
explain di⁄erential changes in single women￿ s labor force participation rates across states
and over time.
Our estimates, based on the identi￿cation strategy described above, provide strong empir-
ical support for GSY￿ s hypothesis. According to our results, the di⁄usion of home appliances
in the decade between 1960 and 1970 contributed to the increase in married women￿ s labor
3force participation rates.
As far as we know, this paper is the ￿rst to use microdata on appliance ownership and
female labor force participation to provide evidence on GSY￿ s hypothesis. There is related
work in both economics and sociology. In the economics literature, Cavalcanti and Tavares
(2008) use country-level panel data for OECD countries for the period 1975￿ 1999 to show
the existence of a statistically signi￿cant relationship between the relative price of home
appliances and female labor force participation rates across countries. Dinkelman (2008)
considers the employment e⁄ects of household electri￿cation in rural South Africa in the
late 1990￿ s. She uses a community￿ s land gradient as an instrument for its treatment status
and ￿nds a positive e⁄ect of electri￿cation on female employment. Cardia (2008) regresses
county-level changes in female labor force participation rates between 1940 and 1950 on
county-level adoption rates of bathtubs and refrigerators using data from the U.S. Census.
She ￿nds a positive association between the adoption of indoor plumbing facilities and female
labor force participation rates.2 In addition to adopting a di⁄erent identi￿cation strategy
relative to these papers, our approach is based on microdata, and allows us to control at
the individual level for the standard determinants of female labor force participation, such
as experience, household income, a woman￿ s education, etc.
Sociologists have also studied the relationship between home technology and women￿ s
allocation of time to housework, sometimes reaching di⁄erent conclusions than GSY. For ex-
ample, Cowan (1983) considers the relationship between household technology and women￿ s
housework during the last two centuries in the U.S. and argues that the amount of time
spent by the average American woman in housework in 1965 and at the beginning of the
twentieth century are comparable in magnitude (see Cowan, 1983, page 199, for example).
The lack of representative time-use data for the earlier part of the twentieth century makes
2Cortes and Tessada (2007) focus on increased immigration, as opposed to declining prices of home
appliances, as a determinant of female labor supply. They observe that immigrants￿labor often substitutes
for female labor in home production (e.g. child care and housekeeping services) and ￿nd evidence that
immigration a⁄ects the labor supply of high-skill native women.
4such comparisons di¢ cult. Recent research by Roberts and Rupert (1995), Bianchi et al.
(2000), and Aguiar and Hurst (2006) based on time-use surveys and the Michigan Panel
Study on Income Dynamics clearly shows that the time allocated by women, and especially
married working women, to home production has fallen considerably in the last 40 years.
This trend is consistent with GSY￿ s hypothesis.3
The rest of the paper is organized as follows. In Section 2 we describe the Census data
and present our main econometric results. Section 3 details several robustness checks and
the results from alternative speci￿cations. Section 4 concludes.
2 Data and Main Results
Next, we describe the data. Then, in Section 2.2 we introduce the benchmark regression
equation and discuss the OLS estimates. Section 2.3 contains the results based on the IV
approach.
2.1 Data Sources and Descriptive Statistics
Data
We use the Integrated Public Use Microdata Series (IPUMS) from the U.S. Census of
the Population for 1960, one-percent sample, and 1970, Form 1 State, one-percent sample
(Ruggles et al., 2004).4 This data has several advantages. The 1960 and 1970 (Form 1)
Censuses collected information on household ownership of washing machines, dryers, and
freezers.5 As far as we know, the Census samples are the only large microdata set containing
3In the sociology literature, also see the work by Bittman, Rice, and Wajcman (2004) who use a cross-
section of micro-level time-use data from Australia in 1997 to study the association between time spent
in di⁄erent homework activities by men and women and their ownership of household appliances. We are
unaware of engineering studies that directly measure the amount of time saved by household appliances in
the performance of household chores.
4The Census samples can be found at http://usa.ipums.org/usa.
5The 1970 Census also asked about dishwashers, but the 1960 Census did not. For this reason we do not
use the dishwasher variable in our analysis.
5appliance ownership information over a period of rapid increase in the labor force participa-
tion of married women. Also, the Census samples provide demographic, employment, and
income details. Unfortunately, individual observations cannot be linked across years. We
focus on U.S. states because the smallest identi￿able geographic region in the 1960 sample
is a state.6
Married Women
Our primary sample includes white, U.S.-born, married women of prime working age (18￿
55 years old), with non-missing information on state of residence and appliance ownership,
not living in group quarters and with working husbands. The 1970 sample contains 269,939
observations. In the 1960 Census instead only 20 percent of the households in the one-percent
sample were surveyed about appliance ownership, leaving 52,373 married women that satisfy
our selection criteria. The relative size of each state is basically the same in the 1960 and
1970 samples. The rank correlation coe¢ cient between a state￿ s share of married women
(out of the U.S. population of married women) in 1960 and the corresponding share in 1970
is 0.996 with a p-value of 0.00001. In Section 3.2 we conduct robustness checks to assess
whether the di⁄erences in sample sizes matter for our results.
Summary statistics for married women can be found in Table 1. The labor force par-
ticipation rate of married women increased from about 33 percent in 1960 to 43 percent in
1970. Labor force participation is our main outcome variable. Employment (share of mar-
ried women in the labor force and holding a job), full-time employment (share of married
women working at least 35 hours in the past week), and year-round employment (share of
married women working at least 48 weeks in the past year) also indicate a large increase in
female labor supply during the 1960￿ s. These alternative outcome variables are used to verify
the robustness of our results in Section 3.3. Notice, the average hours worked by a married
6We exclude from our analysis the District of Columbia and the State of Hawaii. The former is dropped
because of its extremely large fraction of single women in the population in both 1960 and 1970 (about 50
percent against an average of 12 percent for the other states in 1970). Including the District of Columbia in
the analysis does not a⁄ect our estimates. Hawaii is dropped because of lack of observations for constructing
the instrument in 1960.
6woman in the labor force did not change appreciably from 1960 to 1970, suggesting that most
of the observed gains in labor supply were due to the change in labor force participation,
our main outcome variable.
The appliance ownership dummies are the explanatory variables of interest. We recoded
these appliance variables as binary indicators. For example, the WASHER variable in the
Census takes on 0 (no washer), 1 (yes - automatic washer), or 2 (yes - separate spinner).
We collapsed the last two categories into one category. Aggregate appliance ownership
rates for freezers and dryers increased substantially for married women between 1960 and
1970. Ownership of washing machines stayed roughly constant during this period most likely
because this appliance had already reached a relatively high degree of di⁄usion in 1960.7 The
share of married women owning all three appliances increased by 17 percentage points, from
10.9 percent to 27.8 percent, between 1960 and 1970.
Table 1 also summarizes the other individual-level covariates used in our analysis. Annual
wage and family total incomes were adjusted for top-coding by multiplying the censored
values by 1.4. We converted all dollar ￿gures to 1970 dollars with the consumer price index
(CPI All Urban Consumers series CUUR0000SA0). Household income net of female earnings
is de￿ned as family total income minus a woman￿ s wage income. Hours worked per week
and weeks worked during the previous year were imputed as the mid-points of the intervals
reported by the Census.
In order to analyze the relevant trends more closely, Table 2 presents the percentage point
increase in married women￿ s labor force participation and ownership of all three appliances
by household income and by the woman￿ s education level. Women from households with
relatively higher income had a higher increase in appliance ownership and the lowest increase
in labor force participation during the 1960￿ s. The data by education show a less clear
pattern. Women with only a high school degree and women with a college degree display
relatively large gains in labor force participation; however, married women with a college
7The appliance ownership rates reported in Table 1 and Table 2 agree with those reported in GSY and
Lebergott (1976).
7degree display a smaller increase in appliance ownership than other women.
Single Women
The sample we use to construct our instruments includes white, U.S.-born, single women
of prime working age (18￿ 55 years old) who are household heads according to the Census.8
Table 3 reports summary statistics for single women. Unlike married women, the labor
force participation rate of single women did not increase in the 1960￿ s. However, appliance
ownership rates for single women did increase in a way similar to the appliance ownership
rates for married women. Figure 1 presents a scatterplot of the share of single women in
each state in 1970 against the share of single women in 1960. The 45 degree line is also
represented for convenience. Two features of the data stand out. First, while there is some
cross-state dispersion in the share of single women in each year, in most states the share of
single women lies between 7 and 12 percent in 1960 and 10 and 15 percent in 1970. Second,
there is a tendency for the share of single women to increase for all states between 1960 and
1970. The rank correlation between the 1960 and 1970 shares of singles is 0.67 and highly
signi￿cant, suggesting a rather uniform increase in this share over time.
State-Level Information and Controls
Table 4 provides details on appliance ownership rates by year and for selected states.
For both married and single women, the change in appliance ownership rates varies widely
across states. As detailed in the next section, we exploit this variation in our estimation
strategy. Since the instrument we employ to estimate the e⁄ect of appliance ownership on
female labor supply varies only at the state level, we cannot include state-by-year dummies
in our regression equation. We try to control for potential confounding e⁄ects by including
in the regression a set of covariates that varies over time at the state level. Speci￿cally,
8We use the term ￿single￿to include both women who are single because they never married and women
who were married at a previous point of their life and who are now either divorced or widows. Using only
observations on women who were singles and never married gives rise to similar point estimates as the ones
reported in Tables 6￿ 8, but the smaller sample size tends to increase their standard errors and reduce their
statistical signi￿cance.
8in order to control for increased urbanization which would presumably lead to both higher
appliance ownership and female labor supply, we include the share of a state￿ s population
living in urban areas according to the U.S. Statistical Abstracts.9 Bailey (2006) argues that
the di⁄usion of the oral contraceptive (the pill) during the 1960￿ s reduced the fraction of
women giving birth before age 22 and increased young women￿ s labor force participation.
In order to control for systematic cross-state e⁄ects associated with the di⁄usion of the pill,
we use Bailey (2006, Table 1)￿ s data on the number of years (as of 1970) for which the pill
had been available to women under 21 years of age in a given state. We include in our
regressions the pill data as a full set of ￿years since ￿rst access￿dummy variables, where
each dummy takes a value of one if in 1970 early legal access to the pill had been available to
a young woman for a given number of years varying from zero to ten.10 The following state-
level controls, computed using the Census microdata, are also included in all the regression
equations: the share of a state￿ s workforce employed in the service sector to proxy for shifts
in the demand for women￿ s work; average wage income, including both male and female
workers; the gender wage gap computed using data on full-time year-round workers (Jones,
Manuelli, and McGrattan, 2006); and the ownership rate of televisions among households
in a given state. This last variable is meant to control for other trends associated with
the di⁄usion of household appliances that might be correlated with married women￿ s labor
supply. Table 5 contains summary statistics on these variables.
9In our empirical analysis we cannot use information regarding the urban/rural location of the household
or whether the household was located in a metropolitan area because, due to con￿dentiality concerns, this
information is not available for all states in the 1960 and 1970 samples.
10The earliest year of early legal access is 1960. We also experimented with an alternative speci￿cation
of the pill variables by introducing in the regression a single dummy that equals one if a woman had early
legal access to the pill in her 1970 state of residence when she was age 21. The results associated with this
alternative speci￿cation are very similar to the benchmark results and are omitted.
92.2 OLS Estimates
The causal relationship of interest is captured by the following regression equation:




st￿ + ￿s + ￿t + "ist: (1)
For each woman i observed in state s at time t, the dependent variable lfpist is a binary
indicator for labor force participation.11 The vector xist includes standard individual-level
demographic characteristics such as education, potential experience, household income, and
number of children. The vector zst represent the state-level covariates described in the
previous section. The dummy variables ￿s and ￿t represent state-of-residence and Census
year main e⁄ects, respectively; "ist is a disturbance term; and the dummy variable applist
captures the presence of household appliances.
The variable applist is the key regressor of interest. We experiment with three alternative
speci￿cations of this regressor. First, we include one appliance dummy at a time in equation
(1). Second, we simultaneously include all three appliance dummies (washing machines,
dryers, and freezers). Third, we use a single dummy that takes a value of 1 if the household
owns all three appliances and zero otherwise. Our preferred speci￿cation is the one that
employs the binary indicator of ownership of all three appliances. This variable conveniently
summarizes the information on appliance ownership by implicitly assigning the same degree
of importance to each appliance for which information is available.
Table 6, columns 1￿ 5, reports the OLS estimates of the parameter ￿ in equation (1).
Labor force participation for married women has a negative correlation with the ownership
of washers and freezers and a positive association with the ownership of dryers. The signs
of these correlations are the same whether all three appliance regressors are included in
the regression equation at the same time or separately. Ownership of all three appliances is
positively associated with female labor force participation, but the relationship is statistically
11In Section 3.3 we provide results using alternative measures of labor supply.
10insigni￿cant in the OLS case. Estimates of the marginal e⁄ects implied by a probit model
(reported in Table 6, column 6) are slightly larger than the OLS results, but still insigni￿cant.
Taken together, the estimates in Table 6 do not lend much support to GSY￿ s hypothesis.
The estimated magnitude of ￿ is relatively small and sometimes of the wrong sign.
As argued in the Introduction, caution must be exercised in interpreting the OLS results
because the appliance regressor is likely to be endogenous. At least three potential sources of
bias exist. First, households with a working woman are more likely to purchase appliances.
Reverse causation could induce a positive bias in the estimate of ￿. Second, households
with strong tastes for home-produced goods might invest heavily in both inputs of home
production, namely household work (traditionally carried out by the wife) and household
appliances. A similar e⁄ect occurs if households have unobserved heterogeneity in wealth.
Both unobserved preference shifters and unobserved wealth may induce a negative correlation
between appliance ownership and female labor participation, creating a downward bias in
the OLS estimate of ￿. Third, in the presence of measurement error in applist the OLS
estimator of its coe¢ cient will be attenuated toward zero.
2.3 IV Estimation and Main Results
Identi￿cation
Given the endogeneity problems described in the previous section, we turn to an IV ap-
proach. An appealing approach to identi￿cation would be to use exogenous cross-sectional
and time-series variation in the price of appliances. However, to the best of our knowledge,
detailed information on appliance prices is not available, especially for the period of interest,
1960￿ 1970. We instead proceed by constructing an instrument for a married woman￿ s own-
ership of appliances from appliance ownership rates among single women. Speci￿cally, we
use the average observed value of appliance ownership among single women in a given state
as an instrument for ownership of appliances by a married woman living in that state. No-
tice, the endogenous regressor is household-speci￿c, while the instrument varies only at the
11state-year level.12 Thus, identi￿cation of the parameter ￿ comes from di⁄erential variation
in singles￿ownership of appliances across states over time.
In selecting this instrument we think that state-year variation in the prices and oper-
ation and maintenance costs of appliances, possibly induced by di⁄erences in sales taxes,
transportation costs, competition in the local durable goods market, and electricity prices,
generates similar variation in appliance ownership among households with married women
and households of only single women. A lower price of appliances should lead to higher
demand for appliances by both single and married women.
Additionally, we view our instrument as unlikely to be a⁄ected by unobserved deter-
minants of the participation decision of married women. We make this assertion because
the labor force participation rates of single women remained literally constant during the
1960￿ s, while their appliance ownership rates increased in a similar way to those of married
women.13 These facts suggest that single women￿ s labor supply around 1960 was close to
its upper bound, so the di⁄usion of appliances did not a⁄ect their labor force participation
decisions. Instead, single women purchased new home technologies when their relative price
declined. Even though we cannot directly observe time-series and cross-sectional variation
in relative prices of appliances, we interpret the changes in appliance ownership among sin-
gle women as re￿ ecting those trends. We perform falsi￿cation and robustness exercises in
Section 3 in order to evaluate the validity of our approach.
Results
To consistently estimate the parameter ￿ in equation (1) we need a variable that is
correlated with applist but not with the error term "ist: As mentioned above, we instrument
the endogenous regressor applist with the state-year mean appliance ownership rate among
single women, denoted by appl-sinst: Table 7 displays estimates of the ￿rst-stage regression
12We account for the fact that the instrument is an aggregate variable by applying state￿ year clustered
standard errors in our analysis.
13This point is documented in Table 3. Also, the marked di⁄erences in participation trends between
married and single women continued after 1970.
12models:14




st  + ￿s + ￿t + uist: (2)
In all speci￿cations, we ￿nd a sizable, positive, and statistically signi￿cant relationship
between applist and its corresponding instrumental variable appl-sinst. For example, the
entry in the ￿rst column of Table 7 indicates that a 10 percentage point increase in ownership
of washers among single women is associated with a 2.61 percentage point increase in the
fraction of married women owning washers. The F-statistics for the signi￿cance of the
estimated coe¢ cients on the instruments are 15 or higher in all cases; this strong ￿rst-stage
dispels any concerns about serious ￿nite-sample bias problems in the IV estimates (Bound,
Jaeger, and Baker, 1995).
The two-stage least-squares (2SLS) estimates of equation (1) represent our main results
(see Table 8). The ￿ndings are generally consistent with the existence of a positive sta-
tistically and economically signi￿cant causal e⁄ect of appliance ownership on female labor
force participation of married women. For example, the 2SLS estimate reported in Table
8, column 5 (our preferred speci￿cation) implies that owning all three appliances raises the
likelihood of labor force participation by married women by about 27 percentage points, with
a standard error of 6.8 percentage points.15
The share of married women owning all three appliances increased by 17 percentage
points from 1960 to 1970 (see Table 1). Therefore, our results suggest that higher ownership
of appliances accounts for up to a 4.6 percentage point (0:27 ￿ 0:17) increase in the labor
force participation rate of married women during the 1960￿ s. The other estimates in Table 8
con￿rm this benchmark result. Using only the variable ￿freezer￿as a measure of appliance
ownership produces a smaller e⁄ect relative to the benchmark.16 Instead, using the estimated
14Recall that when all three appliances are included in the regression at the same time, ￿ is a three-
dimensional vector.
15The results are nearly identical (the estimated ￿ is 0.267 with a standard error of 0.065) if the endogenous
regressor of interest takes a value of one if both a dryer and a freezer are present in the household and zero
otherwise. Thus dropping washers from the analysis does not alter our estimates.
16Notice that the estimated coe¢ cient on the variable ￿washer￿is not statistically di⁄erent from zero in
column 1 of Table 8. As can be inferred from Table 1, there has not been an increase in ownership of that
13coe¢ cient for dryers or the estimates obtained from jointly including all the three appliances
in the regression leads to a larger e⁄ect.17 In all these speci￿cations, the largest e⁄ects obtain
if all married women are a⁄ected in the same way by the di⁄usion of household appliances.
A more reasonable interpretation, which is consistent with a smaller impact of household
appliances, is that the estimates in Table 8 refer to a sub-population of married women. We
return to this important point more extensively in the following sub-section.
Discussion
The 2SLS approach generates uniformly larger estimates for the parameter ￿ than the
OLS estimates of Table 6. This discrepancy does not seem to be due to a reverse causation
argument (i.e. higher labor force participation of married women leading to higher appliance
ownership), which would have led to the opposite ranking of these estimates. Measurement
error in the endogenous regressor applist is known to generate downward-biased OLS esti-
mates. However, as Kane et al. (1999) show, when the endogenous regressor has a categorical
nature and is measured with error, the IV estimator may be upward-biased.
At least two explanations for the discrepancy between the OLS and 2SLS estimates
exist. First, the OLS estimates might be downward-biased due to omitted variables such as
unobserved household tastes or wealth, which are positively correlated with the ownership
of appliances and negatively correlated with married women￿ s labor force participation. In
this case the IV results uncover the ￿true￿e⁄ect of appliance ownership on married women￿ s
labor force participation.
Second, the e⁄ect of household appliances on female labor supply may not be the same for
all married women. In this case, the 2SLS estimator will not identify an average treatment
e⁄ect. Angrist and Imbens (1994) have shown that under a monotonicity assumption and in a
simpler setting where both the instrument and the endogenous regressor are binary variables
the 2SLS estimator identi￿es a local average treatment e⁄ect - i.e., the causal e⁄ect of interest
appliance among married women in the 1960￿ s.
17In these two cases, the predicted increase in married women labor force participation is 10.7 and 11.6
percentage points, respectively.
14for those married women who would not have purchased all three appliances in the absence
of a decline in relative appliance prices.18 The LATE interpretation of the results could then
rationalize why the estimate of ￿ based on our IV procedure exceeds the one obtained by
applying OLS. For this to be the case married women who are more sensitive to the decline
in appliance prices should also be more likely to enter the workforce when endowed with
household appliances. Who are these women and why would they be more likely to enter the
workforce in response to the increased availability of appliances? Unfortunately, this sub-
population of married women cannot be determined because in the data we observe whether
or not a married woman owns all three appliances for only one value of the instrument.
One possibility is that these women belong to relatively wealthier households. To assess this
hypothesis we introduce an interaction term of the instrument and household income in the
￿rst-stage regression, equation (2). The estimated interaction coe¢ cient is positive implying
that a higher value of the instrument - a larger decline in relative appliance prices according
to our interpretation - produces a larger increase in ownership of appliances for relatively
wealthier households.19 The marginal treatment e⁄ect might be higher for women from
wealthier households because they have higher human capital on average. For example,
the Census data shows that they tend to have more years of education. In turn, higher
human capital might facilitate a married woman￿ s entry into the workforce conditional on
the adoption of household technologies. In summary, it is possible that the marginal e⁄ect
of appliance ownership on married women￿ s labor force participation is higher for women
from wealthier backgrounds, where it has to be recognized that only a portion of household
wealth is observed in the Census data. In this scenario, multiplying the estimate of ￿ by
18Note that in our setting the interpretation of the estimated value of ￿ is further complicated by the fact
that the instrument is continuous rather than binary. In the continuous instrument case, the 2SLS estimator
identi￿es a weighted average of marginal treatment e⁄ects, but the range of population to which the estimate
applies is less transparent than in the binary instrument case. See Aavick, Heckman, and Vytlacil (2005) for
another application in which the outcome variable and treatment status are binary while the instrument is
continuous.
19The interaction coe¢ cient is bordeline signi￿cant when we use the level of household income and highly
signi￿cant when we use the logarithm of household income. In the benchmark model we use the level
of income because the sample includes households with negative income. In both cases, the estimate of ￿
obtained using the interaction term as an additional instrument is higher than in the benchmark speci￿cation.
15the observed increase in appliance ownership among all married women would overstate the
e⁄ect of the di⁄usion of appliances on labor force participation by the average woman.
3 Alternative Speci￿cations and Robustness Checks
In this section, we describe the results from robustness checks and falsi￿cation exercises.
The purpose is to show the consistency of the ￿ndings reported in Table 8 and to provide
support for our IV strategy.
3.1 Falsi￿cation Exercises
This section presents two falsi￿cation exercises. The ￿rst exercise checks whether our
instrument (appl-sinst) also predicts changes in labor force participation by single women.
The concern is that unobservable state-year speci￿c shocks might lead to higher labor force
participation by both married and single women, leading both married and single women to
purchase more appliances. In this case our instrument would be correlated with the residual
in equation (1) violating the fundamental condition for its validity. Table 9, columns 1￿ 5,
displays the 2SLS estimates of the parameter ￿ in the regression (1) obtained using data
on single women only. The instrument for single women appliance ownership is built using
appl-sinst, as before. The estimate of ￿ is not statistically signi￿cant in any of the di⁄erent
speci￿cations of this regression, supporting the assertion that reverse causation is unlikely
to account for our ￿ndings.
Admittedly, this falsi￿cation exercise only rules out interpretations of our results based
on unobserved state and year speci￿c shocks that cause women - both single and married -
to join the workforce and, through this channel, decide to purchase more appliances. The
falsi￿cation exercise does not address situations in which unobserved state and year speci￿c
shocks have a positive independent e⁄ect on both a woman￿ s incentive to join the labor force
and on her decision to own appliances. In this case, the fact that single women￿ s labor force
16participation did not increase jointly with their ownership of appliances could simply re￿ ect
the fact that in 1960 their rates of participation were already relatively high. We cannot rule
out the existence of shocks that have an independent e⁄ect on each of these two margins;
however, it is di¢ cult to think of an example capable of explaining the contemporaneous
rise in married women￿ s labor force participation and their ownership of appliances.20
The second falsi￿cation exercise checks whether including a non-productive appliance, a
television, to our set of endogenous regressors generates additional predictive power. The
existence of such an e⁄ect induced by a non-productive appliance would diminish the plau-
sibility of interpreting our main results as evidence of a causal link between ownership of
home appliances and married women￿ s labor force participation. Table 9, columns 6￿ 11,
presents the 2SLS estimates from this exercise; ownership of a television at the household
level is instrumented, as above, by the state-year speci￿c ownership rate by single women.21
Television ownership is not signi￿cantly associated with the dependent variable in any of the
di⁄erent versions of our regression equation, including one in which we do not include any
of the original productive appliances in the regression.
Neither of the two falsi￿cation exercises invalidates our IV approach.
3.2 Robustness Checks
In this section we discuss the results of other robustness checks. These are summarized in
Table 10. In order to limit the number of tables, in Tables 10 and 11 we focus on the results
of our preferred speci￿cation in which the endogenous regressor is the indicator variable
￿ownership of all three appliances￿ .
20A candidate shock would be a change in preferences for the home-produced good. Preferences directly
a⁄ect both a household￿ s decision to purchase appliances and a married woman￿ s decision to participate in the
labor force. However, this kind of shock cannot rationalize the simultaneous increase in appliance ownership
and female labor supply observed in the data. A lower weight on home goods in the utility function increases
women￿ s labor force participation but decreases their willingness to own consumer durables. An increase in
appliance ownership by married women might occur but it would be the result of increased participation,
instead of a direct implication of the underlying shock. Our falsi￿cation exercise already rules out this
possibility.
21The ￿rst-stage regression equation for household ownership of a television yields a correlation with the
instrument (singles￿ownership rate) that is signi￿cant at the one percent level.
17Changing School Enrollment
In 1960, the female college enrollment rate among 16￿ 24 year-olds was 37.9 percent. A
decade later, this statistic had increased to 48.5 percent. The increase in schooling could
pose a problem for our identi￿cation strategy. Di⁄erential trends in school enrollment rates
can mechanically a⁄ect labor force participation rates (through an ￿incapacitation e⁄ect￿ )
and make the use of single women as an instrument potentially problematic. To address
this concern, we re-estimate our main regressions excluding college-age women. The ￿rst
column of Table 10 reports 2SLS estimates with the sample restricted to 24￿ 55 year-olds.
The estimated coe¢ cient ￿ is close to the value obtained using the benchmark sample of
women.
Di⁄erential selection into the labor force due to changing college enrollment could also
undermine our ￿rst falsi￿cation exercise. In particular, if the single young women in our
sample are more likely to be full-time students in 1970 than a decade earlier, we would
expect this ￿incapacitation e⁄ect￿to have mechanically reduced the observed labor force
participation of single women in 1970. A reduction in labor force participation by single
women attending college could have masked any increases in the participation of non-college-
going single women between 1960 and 1970. Our estimates in Table 10 would be biased
downwards, rendering our ￿rst falsi￿cation exercise uninformative. However, excluding 18￿
23 year-olds does not change the results of the falsi￿cation exercise.22 The 2SLS estimate
of ￿ when the labor force participation of single women is used as the dependent variable is
￿0:10 with a standard error of 0.14, further reinforcing our conclusion that reverse causality
cannot explain our main results.23
Single Men
We have constructed our instrument for the endogenous regressor ￿ownership of all three
22These estimates are not reported in Table 10.
23Unlike college enrollment rates, marriage rates were similar in 1960 and 1970. In a previous version of
the paper we controlled for potential selection e⁄ects related to marriage by using Hunt (2002)￿ s selection
correction procedure. We found that this procedure had negligible e⁄ects on our results.
18appliances￿by a married woman as the ownership rate of all three appliances among single
women living in the same state. However, unobserved state-year shocks might a⁄ect both
the appliance ownership rate of single women and the labor force participation decision
of married ones. This concern might be mitigated by constructing the instrument as the
ownership rate of all three appliances among single men living in a state. The results are
presented in Table 10, column 2. The estimate of ￿ is still positive but smaller than in our
benchmark of Table 8, column 5. The 95 percent con￿dence interval of the estimate that
uses single men as an instrument ranges from ￿0:25 to 0:38 and contains our benchmark
estimate.
We do not interpret these estimates as necessarily contradicting our results of Table 8,
because the correlation between the instrument and the endogenous regressor in the ￿rst-
stage regression is much lower than in our benchmark speci￿cation. The F-statistic in Table
7, column 7 is about 88, while the F-statistic in Table 10, column 2, is just above 10. The
latter ￿gure may not convincingly rule out the possibility that the instrument constructed
using single men is weak, in which case it is known that 2SLS is biased in the direction OLS.
This observation begs the question of why the instrument constructed using single women is
more highly correlated with the endogenous regressor than the instrument based on single
men.24 We o⁄er two explanations. First, single men￿ s demand for household appliances
during the 1960￿ s might have been less sensitive to declining relative prices than demand
by both single and married women. The data supports this idea of demand di⁄erences.
Single men had signi￿cantly lower ownership rates in 1960 and 1970 than single women.25
More importantly, single women increased their ownership of appliances by more than single
men during the 1960￿ s. For example, ownership of dryers increased by almost 22 percentage
24One explanation would be reverse causality: women￿ s labor force participation increased for unobserved
reasons, leading them to purchase more appliances. However, single women￿ s labor force participation did
not increase in the 1960￿ s and the falsi￿cation exercise of Section 3.1 shows that the instrument constructed
using single women￿ s ownership of appliances does not account for di⁄erential trends in single women￿ s labor
force participation across U.S. states and over time.
25For example, the ownership rate of dryers was 10 percent for single women in 1960 but only 6 percent
for single men.
19points among single women and by only 13 percentage points for single men. Our binary
indicator of ownership of all three appliances increased by almost 7 percentage points for
single women but only 4 percentage points for single men. Accordingly, single women￿ s
appliance ownership rates make a better instrument for the endogenous regressor than an
instrument constructed using men￿ s data.
The second explanation for the poor performance of the instrument built using data on
single men is mechanical: the sample of single men satisfying all our selection criteria is much
smaller than the sample for single women. The latter has about 44,000 observations (see
Table 3) while the former only 26,000, so the appliance ownership rate constructed using
single men might be less reliable. The sample size is especially relevant to our situation
because the instrument varies only at the state level and the 1960 sample is about one ￿fth
the size of the 1970 sample.26 Thus, we view the estimate of ￿ obtained with the instrument
based on single men as less informative than the benchmark estimate.
Weights
As just mentioned, our sample size for 1970 is about ￿ve times larger than the sample
size for 1960; only 20 percent of households were asked appliance questions in 1960. The
di⁄erence in sample size may overemphasize some states￿change in appliance ownership
relative to others in our benchmark analysis, so we re-ran the regressions on data aggregated
into state means. Table 10 column 4 presents the estimate of ￿ from a regression in which
each state￿ s weight is kept constant at its 1970 level and column 5 provides the results from
the same regression in which a state￿ s weight is allowed to be di⁄erent in 1960. The estimated
values of ￿ are close to one another and to the estimate from the benchmark regression of
Table 8. Di⁄erences in sample sizes between 1960 and 1970 do not drive our results.27
26For example, there are only about 3,000 single men in our sample in 1960, but more than 5,000 single
women.
27As a further check we also ran the benchmark regression on individual-level data by reweighting each
observation in 1960 by a state-speci￿c constant. The latter was such that the total number of married women
in each state would be the same in 1960 as in 1970. The estimated value of ￿ in this case is 0:266 with a
p-value of 0.000.
20Single Women in the Labor Force
In our benchmark speci￿cation, we construct the instrument for the endogenous regressor
￿ownership of all three appliances￿as the ownership rate of appliances among singles who
are household heads. To further control for reverse causation, we also tried restricting the
sample of single women to those who are in the labor force. Column 3 of Table 10 reports
the results. The estimated value of ￿ in this case is similar to the benchmark, although the
standard errors increase due to the smaller sample size.
3.3 Alternative Outcome Variables
Until now we have focused on female labor force participation as the outcome variable
of interest; next, we evaluate the e⁄ect of appliance ownership on alternative measures of
labor supply. We have estimated four additional versions of the basic model. The dependent
variable is either a woman￿ s employment status (1 if employed, 0 otherwise), or whether she
is working full-time (1 if working 35+ hours per week), or whether she is working year-round
(1 if working 48+ weeks per year). We also use total hours worked by a married woman
in the year prior to the Census (with a value of 0 if she did not work in the market) as
a dependent variable. OLS and 2SLS results are reported in Table 11. In all the 2SLS
speci￿cations, appliance ownership has a positive and statistically signi￿cant impact on
female labor supply. Taken together these results con￿rm the ￿ndings of the baseline model
in Table 8.
4 Conclusions
We use microdata from the U.S. Census to evaluate the contribution of household ap-
pliances to the increase in female labor force participation during the 1960￿ s. According to
our estimates, household appliances account for about forty percent of the actual increase
in participation by married women during this period of time.
21The key to our approach is the observation that single women￿ s labor supply did not
increase during the 1960￿ s. We therefore use single women￿ s ownership of an appliance in
a given state as an instrument for a married woman￿ s ownership of that appliance. An
implicit assumption of the identi￿cation strategy is that the relative price of appliances in a
given state is independent of married women￿ s labor supply decisions. If this assumption is
false, then independent shifts in married women￿ s labor supply might lead to changes in the
relative price of appliances and a⁄ect the appliance purchasing decisions of singles as well.
We cannot rule this channel out. However, for this argument to account for the patterns of
participation and appliance ownership observed in the data, the higher demand for appliances
by married women who recently joined the workforce must have decreased appliance prices
to induce an increase in adoption by singles. If appliance prices went up in states with higher
demand, as standard demand/supply models would suggest, then the quantity of appliances
demanded by singles would decline. Such a pattern is inconsistent with the data. Of course,
the possibility of increasing returns to scale in the shipping and delivery of capital goods
or the dependence of price mark-ups on the size of the local market generating downward
sloping supply curves for appliances can not be ruled out. More generally, a similar criticism
can be addressed at the GSY story altogether. The observed negative time-series association
between female labor supply and the relative price of home appliances that GSY emphasize
might be driven by changes in participation by married women, rather than by prices.
Absent data on appliance prices, alternative approaches to identi￿cation in this area
might rely on cross-sectional and time-series variation in variables associated with the cost
of operating an appliance unit, e.g. electricity prices. State-level data on electricity prices
is available for 1960 and 1970, but unfortunately during this decade the cost of electricity
has changed proportionately across states, limiting the variation to exploit in a ￿rst-stage
regression.28 While the electri￿cation of the U.S. was largely completed by 1960 (see Bailey
and Collins, 2006), the current experience of some developing countries can provide a more
28Naturally, the assumption of exogeneity of electricity prices to married women￿ s labor supply would have
to be entertained to justify this instrument￿ s validity.
22data-rich testing ground for GSY￿ s theory, as exempli￿ed by Dinkelman (2008)￿ s work cited
in the introduction. Her results are qualitatively consistent with ours, despite referring to a
di⁄erent country and a di⁄erent time period.
In conclusion, we do not regard changes in home durable goods prices to be the only or
even the most important driver of female labor supply in recent U.S. history. Our results
imply that a signi￿cant portion of the increase in the labor supply of married women during
the 1960￿ s is due to reasons other than the di⁄usion of home appliances, as has been well
documented in the literature. However, our results do point to technological progress as a
potentially important factor in economic and social change. Recent research by Greenwood
and Guner (2008) argues that technological progress in the household sector can also help
explain the increase in the divorce rate and the decline in the marriage rate after WWII. Our
￿ndings con￿rm that this represents a fruitful area to be further explored in future research.
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Table 1:  Summary Statistics for Married Women Aged 18-55 
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Table 1 (continued):  Summary Statistics for Married Women Aged 18-55 
 
Variables All  1960  1970 
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Notes: Entries are means with standard deviations reported in parentheses. The data are from the Census 
IPUMS for 1960 and 1970 (State Form 1), with the sample restricted to white, U.S.-born, married women of 
prime working age (18 to 55 years old), with state information, and working husbands. Dollar amounts are in 
1970 dollars.  
 
Table 2:  Change in Married Women Labor Force Participation and 
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Notes: Entries are means. The data are from the Census IPUMS for 1960 and 1970 (State Form 1), with the 
sample restricted to white, U.S.-born, married women of prime working age (18 to 55 years old), with state 
information, and working husbands. The income quartiles represent family income excluding the woman’s 
labor income. Education is the married woman’s highest education attainment. 
       
 
Table 3:  Summary Statistics for Single Women Aged 18-55 
 
Variables All  1960  1970 
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Table 3 (continued):  Summary Statistics for Single Women Aged 18-55 
 
Variables All  1960  1970 
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Notes:  Entries are means with standard deviations reported in parentheses. The data are from the Census 
IPUMS for 1960 and 1970 (State Form 1), with the sample restricted to white, U.S.-born, single women of 
prime working age (18 to 55 years old) who are household heads, and with state information. Dollar amounts 









Table 4:  Mean State Appliance Ownership Rates by Demographic Group, 1960-1970 
 
  Married Women Aged 18-55 Single Women Aged 18-55 
Variables  1960  1970  1960     1970 
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Table 5:  Summary Statistics for State-Level Covariates 
 
Variables All  1960  1970 
      
 



























































      
   
 










      
      
      
 
 
Notes: Entries are means with standard deviations reported in parentheses. The share of population living in cities is from the U.S. Statistical 
Abstract. The other variables were constructed from the Census IPUMS for 1960 and 1970 (State Form 1), with the sample restricted to white, U.S.-
born workers of prime working age (18 to 55 years old). To compute the gender wage gap we further restrict the sample to full-time full-year 





Table 6:  OLS and Probit Estimates of the Effect of Household Appliances on the Labor Force Participation of Married Women 
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Notes: Standard errors corrected for state-year clustering are reported in parentheses. The data are from the Census IPUMS for 1960 and 1970 (State 
Form 1), with the sample restricted to white, U.S.-born, married women of prime working age (18 to 55 years old), with state information, and 
working husbands. All regressions include four education dummies; a quartic in potential experience; household income (in 1970 dollars); number of 
children under age 5; number of children over age 5; a full set of state and year dummies; and the state-level covariates described in the text. Probit 
entries are estimates of the implied marginal effects on the probability of a positive outcome (labor force participation). The sample size is 322,312. 
* 
denotes significance at the 10% level, 
** denotes significance at the 5% level, and 




Table 7:  First Stage Estimates of the Effect of Mean Appliance Ownership Rates among Singles in the State 
on the Appliance Ownership of Married Women 
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Notes: Standard errors corrected for state-year clustering are reported in parentheses. The data are from the Census IPUMS for 1960 and 1970 (State 
Form 1), with the sample restricted to white, U.S.-born, married women of prime working age (18 to 55 years old), with state information, and 
working husbands. All regressions include four education dummies; a quartic in potential experience; household income (in 1970 dollars); number of 
children under age 5; number of children over age 5; a full set of state and year dummies; and the state-level covariates described in the text. The F-
statistic corresponds to the test of joint significance of the coefficients on the endogenous regressors in each model. The sample size is 322,312. 
* 
denotes significance at the 10% level, 
** denotes significance at the 5% level, and 




Table 8:  2SLS Estimates of the Effect of Household Appliance Ownership on the Labor Force Participation of Married Women 
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Notes: Standard errors corrected for state-year clustering are reported in parentheses. The data are from the Census IPUMS for 1960 and 1970 (State 
Form 1), with the sample restricted to white, U.S.-born, married women of prime working age (18 to 55 years old), with state information, and 
working husbands. All regressions include four education dummies; a quartic in potential experience; household income (in 1970 dollars); number of 
children under age 5; number of children over age 5;a full set of state and year dummies; and the state-level covariates described in the text. The 
state’s contemporaneous mean appliance ownership rates among single women are used as instruments for the endogenous regressors listed on each 
row. The F-statistic corresponds to the test of joint significance of the coefficients on the endogenous regressors in each model. Probit entries are 
estimates of the implied marginal effects on the probability of a positive outcome (labor force participation). The sample size is 322,312. 
* denotes 
significance at the 10% level, 
** denotes significance at the 5% level, and 
*** denotes significance at the 1% level.  
 
Table 9:  Robustness Checks:  Falsification Exercises 
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Notes: Entries are estimates of the implied marginal effects on the probability of a positive outcome (labor force participation). Standard errors 
corrected for state-year clustering are reported in parentheses. The data are from the Census IPUMS for 1960 and 1970 (State Form 1), with the 
sample restricted to white, U.S.-born, married women of prime working age (18 to 55 years old), with state information, and working husbands. The 
sample size is 43,783 for columns 1–5, and 322,312 for columns 6–10. All regressions include four education dummies; a quartic in potential 
experience; household income (in 1970 dollars); number of children under age 5; number of children over age 5; a full set of state and year dummies; 
and the state-level covariates described in the text. IV models use the state’s contemporaneous mean appliance ownership rates among single women 
as instruments for the endogenous regressors listed on each row. 
* denotes significance at the 10% level, 
** denotes significance at the 5% level, and 
*** denotes significance at the 1% level.  
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F-statistic   79.57  10.43  15.21  24.11  17.06 
 
Notes: Standard errors corrected for state-year clustering are reported in parentheses. The data are from the Census IPUMS for 1960 and 1970 (State 
Form 1), with the sample restricted to white, U.S.-born, married women of prime working age (18 to 55 years old, except in column 1), with state 
information, and working husbands. All regressions in columns (1)-(3) include four education dummies; a quartic in potential experience; household 
income (in 1970 dollars); number of children under age 5; number of children over age 5; a full set of state and year dummies; and the state-level 
covariates described in the text. The column ‘24-55 Year Old Women’ refers to the case in which the sample of both married and single women only 
includes women between 24 and 55 years of age. In this case the sample size of married women is 284,861. The column ‘Single Men’ reports results 
for the case in which the state’s contemporaneous mean appliance ownership rates among single women and men are used as instruments for the 
endogenous regressor listed in the row. The column ‘Single Women in the Labor Force’ reports results for the case in which the state’s 
contemporaneous mean appliance ownership rates among single women in the labor force is used to instrument for the endogenous regressor. The 
sample size of married women in columns (2) and (3) is 322,312. Columns (4)-(5) refer to regressions on state averages rather than individual-level 
data. In column (4) each state is weighted by its population of married women in 1970, while in column (5) each state is weighted by its population 
of married women in the relevant year (1960 and 1970). 
* denotes significance at the 10% level, 
** denotes significance at the 5% level, and 
*** 






Table 11:  OLS and 2SLS Estimates of the Effect of Household Appliance Ownership on Employment, Full-Time and Year-Round Employment of 
Married Women, and Total Hours Worked Last Year 
 
 
              Employment Previous Week      Worked Full-Time                     Worked Year-Round                    Hours Worked 
                                                                                                         Last Week                                     Last Year                                  Last Year 
 


















2SLS   
(6) 
 
OLS   
(7) 
 
2SLS   
(8) 
 
            
            
            
All Three Appliances 
Present in Household 
 
    0.006
*** 
(0.002) 
























Notes: Standard errors corrected for state-year clustering are reported in parentheses. The data are from the Census IPUMS for 1960 and 1970 (State 
Form 1), with the sample restricted to white, U.S.-born, married women of prime working age (18 to 55 years old), with state information, and 
working husbands. The sample size is 322,312. Dependent variables: ‘Employment Previous Week’ is a binary indicator for whether the individual 
was employed in the previous week; ‘Worked Full-Time Last Week’ is a dummy variable indicating whether the individual worked at least 35 hours 
the previous week; ‘Worked Year-Round Last Year’ is an indicator for whether the individual worked at least 48 weeks in the previous year. ‘Hours 
Worked Last Year’ denotes a regression in which the dependent variable is represented by hours worked by a married woman in the previous year (0 
if she did not work).  All regressions include four education dummies; a quartic in potential experience; household income (in 1970 dollars); number 
of children under age 5; number of children over age 5; mean log female wages in the state and year; and a full set of state and year dummies. 2SLS 
models use the state’s contemporaneous mean appliance ownership rates among single women as instruments for the endogenous regressors listed on 
each row. 
* denotes significance at the 10% level, 
** denotes significance at the 5% level, and 
*** denotes significance at the 1% level.  
 
 
 